Negative feedback is a widespread feature of signaling pathways. In an unexpected twist described in this issue, He and colleagues identify a membrane-tethered metalloprotease named Tiki that inhibits Wnt signaling by removing an essential eight-residue fragment from Wnt itself.
Developmental biology has contributed substantial knowledge about the signaling pathways that allow cells to communicate. A prime example is the pioneering screen of Smith and Harland (1991) aimed at identifying specific mRNAs that affect axial patterning in frog (Xenopus) embryos. The first clone they reported encoded X-Wnt8, a member of the Wnt family of secreted lipoproteins. Subsequently, additional Wnt-signaling components, as well as other types of developmental regulators, were similarly identified. Remarkably, 20 years on, the same basic approach has yielded a new and unusual modulator of Wnt signaling (Zhang et al., 2012) .
Zhang et al. converted an arrayed set of Xenopus tropicalis cDNAs to mRNAs and injected pools of mRNAs into embryos to identify those that cause anterior defects upon overexpression. One such clone led to head enlargement, and the corresponding gene was named Tiki1, after the first man in Polynesian mythology who is often represented as a large head. A close relative of this gene, Tiki2, was identified bioinformatically. The enlargement of anterior-neural structures is characteristic of reduced Wnt signaling (Houart et al., 2002; Kiecker and Niehrs, 2003) To elucidate the mode of action of Tiki, the authors turned to cultured mammalian cells. Human embryonic kidney 293 (HEK293) cells naturally express Tiki2, and small interfering RNA against Tiki2 boosts the effect of exogenously added Wnt3a, an indication that the inhibitory role of Tiki is conserved, at least between frogs and humans. The key mechanistic insight came from analyzing Wnt3a produced by mouse L cells (fibroblasts). These cells, which normally do not express Tiki, secrete active Wnt3a upon transfection. When Tiki is cotransfected, Wnt3a is still secreted but is no longer active and, crucially, runs slightly faster than active Wnt3a in a polyacrylamide gel. This is a first clue that Wnt3a could undergo Tiki-dependent proteolytic cleavage.
Tiki-modified Wnt3a is water soluble, whereas active Wnt3a appears hydrophobic in a phase separation assay. Acylation of Wnt was first discovered by Willert et al. (2003) , who specifically suggested that C77 of Wnt3a is palmitoylated. This was followed by another report demonstrating the presence of palmitoleic acid at S209 (Takada et al., 2006) . It has therefore been thought for some time that Wnt3a, as well as many other Wnts, carries two acyl groups. However, although palmitoleic acid modification of S209 has been demonstrated convincingly by mass spectrometry, the evidence for palmitoylation at C77 remains largely indirect and has in fact been called into question (Komekado et al., 2007; Tang et al., 2012) . Despite these uncertainties, it is clear that Wnts are hydrophobic and carry at least one acyl group. Given that Tikimodified Wnt3a is soluble, it is conceivable that Tiki inactivates Wnt by preventing acylation or by removing the acylated residue(s). Edman sequencing and quantitative mass spectrometry show that Wnt3a is indeed cleaved in the presence of Tiki; however, only eight N-terminal residues of the mature protein are removed, leaving both C77 and S209 in place. Moreover, the authors show by metabolic labeling that Tiki has no measurable impact on the acylation state of Wnt3a. How Tiki affects Wnt3a solubility remains unknown.
The authors show that, following cleavage, Wnt3a becomes oxidized and forms large covalent disulfide-bonded oligomers. Wnts contain a remarkably high number of cysteines (24 in mature Wnt3a), many of which are likely to be disulfide bonded. Therefore, Tiki cleavage may somehow upset disulfide pairing, hence causing the oligomerization, possibly in denaturated form. There is no evidence as yet that Wnt oligomers form in vivo and/or are physiologically relevant.
Nevertheless it is clear that, directly or indirectly, Tiki acts through an unusual mechanism, removing a stretch of eight residues that are essential for Wnt3a's signaling activity.
An unusual behavior of Tiki is that it causes an increase in the size of Wnt3a C77A despite catalyzing the removal of eight residues. Somehow, this mutant form of Wnt3a becomes hyperglycosylated in response to Tiki-mediated cleavage. One possible target of this extra glycosylation is the NCT sequon located nearby at positions 87-89. It is conceivable that this sequon's highly conserved asparagine 87 is not normally glycosylated because the adjacent highly conserved cysteine 88 pairs with C77. In the C77A mutant, normal pairing would not occur, freeing up C88. Somehow, cleavage by Tiki could provide the trigger for C88 to become glycosylated. This scenario therefore suggests an alternative view of the role of C77. Loss of C77 would not prevent acylation but rather cause disruption of disulfide pairing and loss of activity. Overall, there is a need to further investigate the complex interplay between Tiki-mediated cleavage, acylation, glycosylation, and disulfide bond formation in Wnts.
Tiki is a type I transmembrane glycoprotein with most of the protein residing on the extracytoplasmic side, either on the extracellular surface or within the secretory pathway. The authors present evidence that Tiki can act at both locations (Figure 1) . For example, a mutated form that is retained in the Golgi inhibits the activity of cotransfected Wnt. Conversely, mosaic analysis shows that Tiki can act non-cell-autonomously, consistent with an extracellular role. Indeed, the purified extracellular domain of Tiki can cleave purified Wnt3a in vitro, an indication that it has proteolytic activity despite a lack of homology to known proteases. All the evidence so far suggests that Tiki is a new metalloprotease. This is consistent with the presence of two highly conserved histidines and three cysteines, which could act as metal-coordinating ligands. Tiki appears to have broad specificity for various Wnts. One notable exception is Wnt11, and this may explain why Tiki has no effect on maternal Wnt signaling, which relies on Wnt11 (Tao et al., 2005) .
Sequence comparison between all the cleavable Wnts does not reveal a consensus cleavage site, and the N-terminal sequence of Wnt11 is not dramatically different from that of other Wnts, although unlike cleavable Wnts, it contains a positively charged lysine. This could be relevant because a mutation that introduces four negatively charged residues abrogates cleavage. However, more refined experiments are needed to identify features of the cleavage site that impart specificity. Intriguingly, the residues of Wnt3a excised by Tiki are relatively conserved in Drosophila Wingless even though no Tiki ortholog can be recognized in this species. This is particularly surprising in light of the fact that Tiki is found all the way down to sponges.
Overall, the work of Zhang et al. is likely to trigger interest among a broad spectrum of biomedical researchers. Biochemists will want to figure out the mode of action of this new metalloprotease, the basis for specificity, and the nature of the cleavage site. Other outstanding issues concern the role of subcellular localization and the developmental significance of specificity, as it is likely to impact on how early embryos manage Wnt signaling during the transition between maternal and zygotic gene expression. 
